situ hybridizations with a dBruce probe and immunocywe demonstrate, using gain-of-function and deletion tochemistry with a dBruce-specific antibody support alleles, that Drosophila Bruce (dBruce) can potently this possibility. dBruce transcript and protein were exinhibit cell death induced by the essential Drosophila pressed at uniform low levels in wild-type eye discs. cell death activators Reaper (Rpr) and Grim but not However, in the GMREP86A lines, they were expressed Head involution defective (Hid). The dBruce BIR doat high levels in and posterior to the morphogenetic main is not sufficient for this activity, and the E2 dofurrow of the eye disc, which is where the GMR element main is likely required. dBruce does not promote Rpr drives expression [4] ( Figure 1C ). or Grim degradation directly, but its antiapoptotic acTo demonstrate that dBruce was responsible for the tions do require that their N termini, required for inter-GMREP-86A-dependent suppression of Rpr-and Grimaction with DIAP1 BIR2, be intact. dBruce does not dependent cell death, we specifically downregulated block the activity of the apical cell death caspase levels of the dBruce transcript in the eyes of flies carrying Dronc or the proapoptotic Bcl-2 family member Debcl/ a GMR-Rpr transgene as well as a GMREP-86A element.
We sequenced cDNAs encompasing the dBruce coding region. This allowed us to assemble an accurate To rule out the possibility that attenuation of GMREP-86A-1-dependent inhibition of Rpr-dependent cell death map of the dBruce exon-intron structure, which differs in some respects from that of the BDGP predicted gene by GMR-dBruce-RNAi is simply due to titration of the Glass transcription factor away from the Glass binding ( Figure 2A) . Overall, dBruce is 30% identical to murine Bruce. However, the dBruce N-terminal BIR domain and sites in the GMREP-86A-1 transposon, we carried out similar crosses with several other GMR-driven transthe C-terminal E2 domain show much higher degrees of homology, 83% and 86% identity, respectively. C. genes (GMR-dBruce-BIR and GMR-dBruce-UBC). These had no effect on GMREP-86A-1-dependent inhibition elegans homologs of Bruce were not apparent. We generated mutations in the dBruce gene by carrying out of Rpr-dependent cell death (data not shown). These observations, in conjunction with those obtained from imprecise excision of a P element, EP3731, located 3Ј to the dBruce transcript ( Figure 2A) . We generated two studies with dBruce deletion mutants (Figure 2 ), argue that dBruce can suppress Rpr-and Grim-dependent cell deletions that extended only in one direction, into the 3Ј end of the dBruce coding region. E12 deleted a relatively death. (Figure 2A ). Both lines [8] . Each of these points defines a possible target for dBruce antiapoptotic action. were homozygous viable but male sterile. We cannot exclude the possibility that E12 and E16 represent neoBecause dBruce strongly suppressed cell death induced by Rpr and Grim but not by Hid, one obvious morphic mutations in dBruce. However, we favor the hypothesis that they represent hypomorphs or null mupossibility was that dBruce promoted Rpr and Grim ubiquitination and degradation. We tested this hypothesis tations, since they had the opposite phenotype of the GMREP-86A dBruce expression lines when in combinaby generating mutant versions of Grim and Rpr that lacked all lysines, the amino acid to which ubiquitin is tion with GMR-Rpr, acting as enhancers rather than suppressors of Rpr-dependent cell death in the eye (Figures added. We introduced these genes into flies under GMR control. GMR-Rpr-lys Ϫ and GMR-Grim-lys Ϫ flies have 2BI-2BIII). E12 and E16 also enhanced GMR-Grim, but this effect was much more modest (Figures 2BIV-2BVI) .
small eyes, indicating that these mutant proteins are effective cell death inducers (Figure 3) . GMREP-86A-1-E12 and E16 had no clear effect on cell death due to expression of Hid (Figures 2BVII-2BIX) . dependent dBruce expression suppressed this death very effectively, indicating that dBruce cannot be proThese results argue that endogenous dBruce levels, at least in the eye, are sufficient to act as a brake on moting ubiquitin-dependent degradation of Rpr or Grim (Figure 3) . Interestingly, however, dBruce expression did Rpr-, and to some extent, Grim-dependent cell death. How does dBruce suppress apoptosis? A number of not suppress cell death induced by expression of versions of Rpr (GMR-RprC) or Grim (GMR-GrimC) lacking observations argue that Rpr-and Grim-dependent killing proceeds through distinct mechanisms and/or is their N termini [9, 10], which are required for their IAPcaspase-disrupting interactions with the DIAP1 BIR2 regulated differently than that which is due to Hid. These differences are manifest at multiple points. At the level (reviewed in [11] ). This result is important because it argues that dBruce does not act to regulate this relaof DIAP1, point mutations of DIAP1 have effects on Rprand Grim-dependent cell death that are opposite of tively uncharacterized death pathway. The N-terminal dBruce BIR lacks a number of residues those due to Hid [5] . In addition, in a Drosophila extract, Hid, but not Rpr and Grim, promotes DIAP1 polyubiquitithought to be important for binding of Rpr, Hid, and Grim to DIAP1 BIR2 [12] . Thus, it seems unlikely that nation [6] . In contrast, in a different set of assays, Rpr and Grim, but not Hid, act as general inhibitors of protein GMR-driven expression of dBruce inhibits cell death by simply titrating Rpr and Grim away from interactions translation [ in the worm C. elegans. In humans, it is upregulated in
